The findings indicate the existence of bidirectional volatility spillovers between stock price and trading volume in the pre-and post-crisis periods. In the crisis period, there is a unidirectional volatility spillover from stock prices to trading volume. This shows that while the volatility of stock price affects the trading volume with lags in the crisis period, the volatility of stock price and trading volume in the non-crisis periods affect each other. The results include important findings for both policymakers and investors and for future work.
INTRODUCTION
Before investors decide to invest in stocks, they try to obtain information about the factors that affect the value of the stock. As a member of this information body, trading volume plays an important role in forming market information. It also reflects information about changes in the expectations of investors in the market. The high trading volume is evaluated by investors as positive and contributing to the movement in the market. If the relationship between stock price and trading volume can be determined, investors will be able to make more effective decisions with these estimates.
There are many studies in the literature examining the relationship between stock prices and trading volume. Karpoff [1] summarizes the importance of the relationship between price and transaction volume under several headings. The first is that the theory of the relationship between transaction volume and stock returns gives an idea about the structure of financial markets. In other words, according to this theory, the flow of information to the market and the rate of dissemination of information predict the price-value relationship that depends on the size of the market and the existence of short selling restrictions. Second, the relationship between stock return volatility and trading volume has significant implications for event studies using a combination of price-volume data. Finally, this relationship is considered important for the empirical distribution of speculative assets.
There are various hypotheses that deal with the relationship between stock price and trading volume. Of these, the most emphasized ones in the literature are the sequential information hypothesis and the mixture distribution hypothesis. The sequential information hypothesis was developed by Copeland [2] and Jennings et al. [3] . This hypothesis is generally based on the assumption that new information coming to the market does not reach market users at the same time and that the information is disseminated in a sequential process. In other words, according to this hypothesis, the information coming to the market cannot be evaluated by all market participants at the same time and reflected the price and/or trading volume at once. Therefore, it takes some time for information to spread throughout the market and reach a stable final equilibrium point. During this period time, changes in trading volume may lead to changes in prices, and sometimes changes in prices may lead to changes in trading volume. Therefore, according to this hypothesis, there is a two-way and positive causal relationship between trading volume and stock prices. Briefly, according to the sequential information hypothesis, lagged prices have the power to estimate the current trading volume or conversely. Indeed, this approach contradicts the efficient market hypothesis developed by Fama [4] . According to Fama's [4] hypotheses of active markets, the information coming to the market is evaluated by all market participants at the same time, and this information has reflected the prices quickly. Therefore, it is not possible to predict in advance how the price movements in stock markets will develop by looking at past price movements.
The mixed distributions hypothesis was developed by Clark [5] and Epps and Epps [6] . The basic assumption of this hypothesis is that information coming to the market reaches all market participants simultaneously and quickly. Therefore, it is understood that the basic assumptions of this approach are more consistent with the assumptions of Fama's [4] hypotheses of efficient markets as opposed to the sequential information hypothesis. According to the mixed distributions hypothesis, there is a simultaneous positive relationship between stock prices and trading volume. In this case, price and volume change at the same time when new information enters the market. However, according to Clark's [5] models, there is no causality from trading volume to stock price. In contrast, in the Epps and Epps [6] model, trading volume is an indicator of the discrepancy among investors. Revision by investors of their expectations when new information arrives in the market indirectly causes changes in trading volume. Thus, Epps and Epps [6] state that there is a one-way and positive causality relationship from trading volume to prices.
Rather than examining only the factors that determine the stock prices or transaction volume individually, it would be more accurate to examine the relations between the stock price and the trading volume together [7] . Studies testing causality between trading volume and stock prices often use the traditional Granger causality test, which focuses on mean changes based on the assumption of constant variance [8] [9] [10] [11] . As a result of the fluctuations caused by the economic crises in the markets, it is seen that the variance does not remain constant in financial market data over time. Therefore, it would be more appropriate to use models that allow change in variance instead of standard time series models based on constant variance acceptance in the analyzes. In the literature, it is seen that there are no studies considering the variances of stock price and trading volume. In this study, it is aimed to contribute to the literature by examining the relationship between the variance of stock price and trading volume with causality test in variance developed by Hafner and Herwartz [12] . The causality test in variance is conducted to investigate the conditional volatility spillover between the stock price and the trading volume.
The aim of this study, considering the variances of stock price and trading volume is to determine whether the mixed distributions hypothesis is valid in the Turkish markets. The causality test in variance is applied to the data covering 02 January 1997-29 December 2017 period. To investigate the impact of the 2008 crisis on the mechanism of volatility spillover between stock price and trading volume, empirical analysis is conducted for three sub-periods (pre-crisis period; 02 January 1997-29 The rest of the paper is organized as follows: In the second part, studies examining the relationship between variables are given. In the third section, the econometric methodology is explained. In the fourth chapter, data and empirical results are presented. In the last section, the empirical findings are summarized and evaluated.
LITERATURE REVIEW
There are many studies examining the relationship between stock prices and trading volume using different methods. Some studies in the literature have examined the relationship between stock price and trading volume with traditional causality tests [9-11, 13, 14] . In addition to these studies, there are studies examining the relationship between stock prices and trading volume handling different causality tests [8, 11, [15] [16] [17] .
Chen et al. [9] investigated the relationship between stock returns and trading volume in different markets by the Granger causality test. Analysis findings show that there is a bidirectional causality relationship. Ong [11] found out a bidirectional causality relationship between S&P500 index stock returns and trading volume during the period 1980-2012. Darrat et al. [10] determined a bidirectional causality relationship between stock return volatility and trading volume in the Dow Jones Industrial Average (DJIA) index. These studies support the Sequential Information Hypothesis explaining the relationship between price and volume. Mahajan and Singh [13] investigated the causality relationship between return volatility and trading volume of the Sensitive Index (SENSEX). Granger causality test results show causality relationship from return volatility to trading volume supporting the sequential information arrival hypothesis.
Gunduz and Hatemi [14] , in their study, examined the Czech Republic, Hungary, Poland, Russia, and Turkey market. In the analysis, while determining bidirectional causality between stock returns and the trading volume for Poland and Hungary, a unidirectional causal relationship from stock returns to the trading volume has been found for Russia and Turkey. They also stated that there was no causal relationship between the variables in the Czech Republic.
Hiemstra and Jones [8] used the non-linear Granger causality test to investigate the relationship between Dow Jones stock returns and trading volume. A significant bidirectional nonlinear causality relationship was found between volume and return. Ong [11] supports the findings of Hiemstra and Jones [8] with its analysis in the S&P500 index. Rashid [15] has concluded that there is a non-linear causality relationship from the trading volume to the index return and a linear causality relationship from the index return to the trading volume in the Pakistan stock market.
In the literature, studies examining the causality relationship between stock prices and trading volume in Turkish markets are available [18] [19] [20] [21] [22] [23] [24] . Umutlu [18] has tested whether there is a causal relationship using the ISE National All Index daily closing prices and trading volume data for the period of 2002-2007. In the study, it is concluded that there is a unidirectional causality relationship from stock returns to trading volume. Besides, it is stated that the past 4-day values of price changes may affect future changes in the trading volume and the mixed distributions hypothesis is not valid. Cukur et al. [19] , Zor et al. [20] , Kayalidere [21] , and Nalin [22] determined unidirectional causality relationship from stock prices to trading volume by examining the data in different periods in the Turkey capital markets. These results support the findings of Umutlu [18] , Gunduz and Hatemi [14] .
A. Boyacioglu et al. [24] found out that there is a bidirectional Granger causality relationship between the ISE 100 index return volatility and trading volume and a negative relationship from the trading volume to return volatility. And they determined that sequential information and mixed distribution hypotheses do not valid in the ISE. Tas [23] investigated whether there is a causality relationship between daily trading volumes and closing prices of the BIST-100 indexes in the period of January 2000-June 2014. According to the Granger causality test, a causality relationship from the stock return to trading volume was determined. However, they found a bidirectional causality relationship between return volatility and volume.
Yilanci and Bozoklu [16] have used asymmetric causality test to see whether the stock prices and trading volume react differently to positive and negative shocks in Turkey's capital markets. As a result of the analysis, it is seen that the relationship between trading volume and stock prices is clearly bidirectional for positive shocks. Buberkoku [17] investigated the relationship between trading volume and stock returns by asymmetric causality tests. Analysis findings, it was determined that there was a unidirectional and positive causality relationship from stock prices to trading volume in eight of the banks examined, and a bidirectional causality relationship was found between the variables of the two banks.
There are studies examining the effect of trading volume on the volatility of stock returns by GARCH models in the literature [9, [25] [26] [27] [28] [29] [30] [31] [32] . Ahmed et al. [25] found out that trading volume had a significant effect on return volatility in the Malaysian stock market and mixed distributions hypothesis was not valid. At the same time, it is revealed that the trading volume has no effect on reducing the return volatility. These results support Huang and Yang's [32] studies in the Taiwan stock market. Wang et al. [33] examined the relationship between stock return volatility and the trading volume in the Chinese stock market. According to the GARCH model results, the effect of trading volume on return volatility is positive and statistically significant.
Naka and Oral [30] examined the effect of trading volume on the volatility of stock returns in the Dow Jones Industrial Average index using GARCH and Threshold GARCH (TGARCH) models. In the analysis, it was determined that the trading volume affected the volatility of stock returns. In addition, negative shocks have a greater impact on volatility than positive shocks. Kalu and Chinwe [31] investigated the relationship between the volatility of stock returns and trading volume in Nigeria. Daily data of the All-Share Index were analyzed by GARCH (1,1) and GARCH-X (1,1) models for the period from 3 January 2000 to 21 June 2011. The findings of analyses reveal that the relationship between trading volume and stock returns volatility is positive and statistically significant. But, the findings do not support the mixture distribution hypothesis. Baklaci and Kasman [34] and Çukur [19] tested the mixture distribution hypothesis by employing the GARCH model and they put forward this hypothesis is not valid for Turkey.
Gazel [28] investigated the relationship between trading volume and stock market volatility for countries called Fragile Five Economies (BIITS, Brazil, India, Indonesia, Turkey, and South Africa) for the 2006-2016 period with the EGARCH(1,1) model. In contrast to other studies, Gazel [28] asserts the mixture distribution hypothesis is valid in all BIITS countries under constraints of weekly data.
In the literature review, there is no study examining the causality relationship between the volatility of stock prices and the volatility of trading volume. Analyzing the volatility spillover between the stock prices and trading volume constitutes the originality of this study.
METHODOLOGY
In order to evaluate volatility spillover between stock prices and trading volume, in this study, unlike the traditional Granger causality test which focuses on mean changes, the causality test in variance is used, there are two test methods that examine the causality relationship in the variance. The first is the causality test in the variance developed by Cheung and Ng [35] and Hong [36] , which is related to the crosscorrelation functions (CCF) of the residues obtained from the univariate general autoregressive conditional variable variance (GARCH) estimate. The Portmanteau test, related to the CCF function, faces an important problem of sample size in small and medium-sized samples when the volatility processes are flattened from the sides (leptokurtic). In addition, the causality test in variance based on CCF results take different values according to the degree of lags and leads in the VAR model [12] . The second method, the volatility spillover test of Hafner and Herwartz [12] , which is based on the Lagrange multiplier (LM), eliminates the shortcomings of Cheung and Ng's method. In addition, the Monte Carlo experiment, which is in Hafner and Herwartz's [12] test, showed that LM (Lagrange Multiplier) approach is more strong against leptokurtic status in small samples and gives healthier results as the sample grows. Next, we briefly explain the details of the causality test in variance by Hafner and Herwartz [12] .
Hafner and Herwartz's [12] causality test in variance is based on GARCH models. The null hypothesis formed to evaluate the dynamic volatility spillover and direction between stock price and trading volume is that there is no causality in the variance between the two variables. The null hypothesis is tested with the following model;
Where ξit and σ 2 it are standardized residuals and conditional variance for the series i, respectively. ε 2 jt−1 and σ 2 jt−1 , j are the square of the error term and the conditional variance for the series j, respectively. H 0 : π = 0 means that there is no causality in the variance and H 1 : π = 0 indicates that there is causality in the variance. The value of the Gaussian log-likelihood function of ε it is x it (ξ 2 it -1)/2. x it is the derivative of the likelihood function in terms of GARCH parameters. Hafner and Herwartz [12] suggested the LM test as follows;
In Equation (2), the asymptotic distribution of the test statistic is dependent on misspecification indicators in N jt . When there are two such indicators in λ LM equation, the model has an asymptotic chi-square distribution with two degrees of freedom. Rejecting the null hypothesis indicates that there is volatility spillover from series j to series i.
DATA AND EMPIRICAL RESULTS

Data
In this study, the volatility spillover between closing prices of the BIST100 index and trading volume was investigated. The data set covers daily observations from 02 January 1997 to 29 were taken as the crisis period. Data set is procured from the Central Bank Electronic Data Distribution System (EDDS). The percentage change of both series was calculated using the formula Pn/Pn-1. Then, the natural logarithm of the series was taken and analyzed. First of all, the movements of stock prices and trading volume are examined in pre-crisis, crisis, and post-crisis periods. When Graphs 1, 2 are examined, it is seen that the series of stock prices and trading volume are extremely volatile in three sub-periods.
In the next stage of the analysis, the Augmented Dickey-Fuller (ADF) unit root test developed by Dickey and Fuller [37] and Phillips and Perron (PP) unit root test developed by Phillips and Perron [38] were used for stationary analysis. Unit root test results reported in Table 1 .
According to the results of the unit root test, both ADF and PP tests showed that a series of stock price and trading volume do not have unit root in all sub-periods. The null hypothesis that the unit root exists in the series is rejected. Thus, it is concluded that the level values of the series are stationary I (0).
Empirical Results
To examine the volatility spillover between stock prices and trading volume, firstly the univariate GARCH (1,1) model was estimated. Table 2 shows the findings for variance equations for the pre-crisis, in-crisis and post-crisis periods. Initially, it should be checked whether the stability conditions of the GARCH model hold which impose the constraints c > 0, 0 ≤ α, 0 ≤ β, α + β <1. α, and β are the ARCH and GARCH parameters, respectively.
The values of the ARCH and GARCH coefficients are interpreted in different ways for conditional volatility. The values of the ARCH and GARCH coefficients are interpreted in different ways for conditional volatility. A higher ARCH coefficient indicates that the effects of a shock are more pronounced in the next period, while a high GARCH coefficient indicates that the effects of a shock are more persistent [39] .
GARCH model coefficients of stock price are statistically significant at 1% significance level. GARCH model coefficients of trading volume are statistically significant at 1% significance level, except for the constant term in the pre-crisis and postcrisis period and the GARCH coefficient in the crisis period. The coefficients in the variance equations are positive.
In the GARCH model, the volatility processes of stock prices and trading volume are different between periods. During the GRAPH 1 | Series of stock prices. GRAPH 2 | Series of trading volume. crisis, the impact of the ARCH on the stock price is smaller than before and after the crisis. Additionally, the GARCH coefficient is slightly higher in the crisis period than in other periods. The results obtained from the GARCH model show that the effects of the shocks experienced during the crisis period on stock prices are not pronounced but are permanent for a long time. In the precrisis and post-crisis periods, price volatility is more pronounced than the crisis period, but the effect remains shorter.
The impact of ARCH on trading volume is lower in the preand post-crisis period, but increases in the post-crisis period. Also, while GARCH coefficient is quite high in the crisis period, it is quite low in pre-and post-crisis periods. The effect of the shocks experienced during the crisis period on the trading volume is more pronounced and lasting longer than the pre-crisis period. Moreover, volatility in trading volume after the crisis is higher but short-term.
After determining the volatility processes in stock price and trading volume, Hafner and Herwartz's [12] causality test in variance was performed to determine whether there is volatility spillover between stock price and trading volume. The results of the causality test in variance are reported in Table 3 .
According to the results of the causality test in variance, the null hypothesis is rejected before and after the crisis. The results for the pre-crisis and post-crisis periods show that there is a bidirectional volatility spillover between stock price and trading volume. Additionally, during the crisis, unidirectional volatility spillover from stock price to trading volume is determined.
CONCLUSION
Stock prices and trading volumes are two important indicators for capital markets. Since these indicators have a volatile structure, it is thought that revealing the relationship between the variances will provide investors with more accurate information. Therefore, the study aims to investigate the volatility spillover between the BIST100 index closing prices and trading volume The results of the analyses show that the stock prices and trading volume series exhibit a volatile structure. Also, the findings from the GARCH model reveal that the stock prices and the trading volume exhibit strong volatility persistence.
Using the causality in variance test by Hafner and Herwartz [12] , this study examines volatility spillover between stock prices and the trading volume for the pre-crisis, the in-crisis and the post-crisis periods. According to the causality in variance test results, there is a bidirectional volatility spillover between stock prices and trading volume in the pre-crisis and post-crisis periods.
These findings show that the volatility in stock prices and trading volume during the pre-crisis and post-crisis periods affects each other. The study findings, the study of Turkish market data Yilanci and Bozoklu [16] , Tas [23] and Boyacioglu et al. [24] coincides with the findings of the studies, while Umutlu [18] , Cukur et al. [19] , Zor et al. [20] , Kayalidere [21] , and Nalin [22] do not match the findings of the studies. In this study, while the bidirectional causality relationship is determined between stock price and trading volume, most of the studies in the literature have determined a unidirectional causality relationship from stock prices to trading volume. The reason for this is that other studies examine the causality relationship with the assumption that the variance of the variables included in the analysis is constant. However, it is seen that the financial market data has variance that varies over time. Therefore, it is considered that using the methods that take into account the changing variance in the analysis of financial market data may provide more accurate results. All of these studies have a common finding that there is a relationship between the stock price and transaction volume with lags. So, the mixed distribution hypothesis argues that there is a simultaneous relationship between stock prices and trading volume is not valid in Turkish capital markets. In other words, it appears that the Turkish capital market is not an effective market and the information coming to the market is reflected in market indicators with lags.
During the crisis, unidirectional volatility spillover from stock price to trading volume was determined. In this case, we can say that investors take into account the volatility of stock price when making investment decisions during the crisis. Additionally, it can be stated that investors are insensitive to the volatility of the trading volume and that the volatility of the trading volume does not affect the decisions of the investor.
The volatility spillover between stock prices and trading volume is an important subject for investors. When investors investigate the relationship between stock prices and trading volume, if they look at the relationship between their variances rather than the relationship between their mean changes values, they make more accurate decisions.
The results of this study might contribute to a better understanding of the relationship between stock prices and trading volume. Also, these results can benefit investors who form a portfolio, policymakers and futures work. One of the limitations of this study is the use of single market data in the analysis. For this reason, future studies can be included in different markets and comparative analyzes can be made between markets. Furthermore, once it is determined the volatility spillover, it can be applied in other methods to determine the effect level of the volatility.
